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Abstract 
 
Mushrooms have an ability to accumulate toxic elements due to their composition and water content. This 
accumulation capacity is also due to environmental factors and soil composition. Regarding radionuclide 134Cs, the 
highest values were recorded in the mushrooms harvested from the Baia Mare area (9.42 ± 0.51). Close values for the 
content of 134 Cs were recorded for the mushrooms in the Hațeg area (2.67 ± 1.43 mg/kg US) and Ciucea (2.52 ± 0.46 
mg/kg US), the latter being the lowest value recorded for this radionuclide in the case of edible wild mushrooms of the 
species Cantharellus cibarius.  
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1. Introduction 
 
Wild mushrooms, ubiquitous in nature, play an 
important role for the forest ecosystem and represent 
an important part of human nutrition.  
The importance of fungi in the remediation of 
the environment is due both to their 
biotransformation capacity of xenobiotics and to the 
accumulation of heavy metals in the soil. These 
processes depend primarily on the species but also on 
the bioavailability and soil type. As for edible 
mushrooms, they are designated in many regions of 
the globe as low calorie organic foods, high 
nutritional value and various medicinal properties.  
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Mushrooms, compared to plants, have the 
ability to assimilate high amounts of heavy metals 
from the environment [2, 3, 8, 11] their radioactivity 
being reported since 1960 and their concentration is 
generally dependent on the species and soil 
composition [14].  
Studies conducted so far have shown that in 
both polluted and unpolluted areas, metals such as 
zinc, cesium, mercury, cadmium, copper, lead, iron 
and arsenic in fungi have been found in 
representative quantities. In general, all species of 
fungi contain high levels of mercury, but noteworthy 
are species of the genus Boletus.  
Also, high levels of cadmium were found, 
especially in Agaricus macrosporus, the amount 
being 50 times the weekly dose recommended by 
WHO [6].  
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Mushroom diet is recommended for people 
suffering from hypercholesterolemia, hypertension 
and various types of cancer [4, 12, 15]. Heavy metal 
fungi contamination has been reported in various 
studies such as: [1, 5, 7, 15, 16, 17]. The aim of the 
study was to analyze Pb, Cd Cs 137 and Cs 134, from 
fungi (Buletus edulis and Cantharellus cibarius) 
depending on the area of origin. 
 
2. Material and Method  
 
In order to determine the heavy metals in 
Buletus edulis and Cantharellus cibarius, 5 samples 
from each area were taken into consideration. The 
areas were chosen according to the degree of 
pollution of the environment, so that fungi were 
harvested from both heavily polluted and less 
polluted areas.  
Regarding heavy metals, their analysis was 
performed by inductively coupled plasma mass 
spectrometry or ICP-MS used to identify and 
quantify elements such as Pb and Cd.  
The mineralization of the mushroom samples 
aimed at qualitative and quantitative determination of 
the heavy metals, based on the following working 
method: 1 mL sample, in this case mushrooms, was 
subjected to microwave digestion with 8 ml 65% 
HNO3 and 2 mL H2O2 30%, after cooling to ambient 
temperature, the sample was diluted with 25 mL of 
ultrapure water, then filtered through 0.45 µm 
cellulose membrane filter.  
Following the same principle, the blank 
samples were prepared. The concentrations of the 
elements that were traced in the mineralized solutions 
were determined using ICP-MS.  
To determine the radioactivity (radionuclides 
137Cs and 134Cs), gamma spectrometry with a 
germanium detector was used. 
 
3. Results and Discussions  
 
Tables 1 and 2 show the average values and 
variability for Pb, Cd, Cs 137 and Cs 134 of the fungi 
Buletus edulis and Cantharellus cibarius under the 
influence of the area of origin. The Pb content for 
Buletus edulis varies in the range 0.22 ± 0.06 mg/kg 
US in the Şimleul Silvaniei area and 0.364 ± 0.04 
mg/kg US, in the Târgu Mureș area (Table 1).  
 
 
Table 1. Mean value and variability for Pb. Cd. Cs 137 and Cs 134 of the mushrooms Buletus edulis 
 
Species Buletus edulis (n=5) 
 
 
Parameter Pb Cd Cs 137 Cs 134 
Area X±sx V% X±sx V% X±sx V% X±sx V% 
Şimleul Silvaniei 0.22±0.06 61.24 0.924±0.19 46.93 15.792±2.41 34.06 5.172±1.08 46.84 
Târgu Mureș 0.364±0.04 26.82 1.280±0.11 19.83 20.296±0.66 7.22 8.33±0.3 8.17 
Oradea 0.27±0.03 21.44 1.138±0.10 20.29 17.26±0.95 12.31 7.318±0.34 10.48 
Beclean 0.198±0.03 35.25 0.748±0.18 55.10 12.39±0.55 9.99 5.762±0.47 18.41 
Cluj 0.28±0.03 22.16 1.186±0.13 24.72 20.176±0.92 10.20 8.66±0.28 7.18 
Jibou 0.184±0.02 26.79 1.212±0.16 29.62 21.282±0.75 7.86 8.988±0.20 5.08 
X - the mean value; v- variability; n- the number of mushroom samples according to the area of origin. 
 
 
For the edible wild mushrooms harvested from 
the Black Sea area, Turkey, [14] obtained 
significantly lower values for the concentrations of 
Pb and Cd, compared to the results obtained by us. 
Following their analyzes, the concentration of Pb for 
Cantharellus cibarius was 0.5 mg/kg US, and the 
concentration of Cd 3.1 mg/kg U.S.  
Sesli and Tüzen (1999) carried out analyzes on 
Cantharellus cibarius  grown in different areas of 
Turkey, obtaining for Pb a concentration of 1.42 µg/g 
US, and for Cd 1.92 µg/g US [11]. Zavastin et al. 
(2018) performed analyzes on fungi of the species 
Cantharellus cibarius collected from Suceava, 
Romania, the results showed a Cd concentration with 
average values much lower compared to those 
obtained in the present study[16].  
From here we can conclude that the levels of 
Cd obtained for the samples analyzed by us are high 
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due to the intensive pollution of the soil and the air 
from the areas where the fungi were collected. 
Trappe et al. (2014) conducted a study on 
different Cantharellus species harvested from 
different areas of the Americas, analyzing the level of 
radioactivity for these species before and after the 
Fukushima nuclear accident [14]. It reports high 
values for 137Cs and 134Cs that are significantly 
influenced by this accident.  
For the edible wild mushrooms harvested from 
the Black Sea area, Turkey, Sesli and Tüzen (1999) 
obtained significantly lower values for the 
concentrations of Pb and Cd, compared to the results 
obtained by us [11]. Following their analyzes, the 
concentration of Pb for Cantharellus cibarius was 0.5 
mg/kg US, and the concentration of Cd 3.1 mg/kg 
U.S. Tuzen et al. 91997) performed analyzes on 
Cantharellus cibarius grown in different areas of 
Turkey, obtaining, for Pb a concentration of 1.42 
µg/g U.S., and for Cd 1.92 µg/g U.S. [13].  
Zavastin et al. (2018) performed analyzes on 
fungi of the species Cantharellus cibarius collected 
from Suceava, Romania. the results showed a Cd 
concentration with much lower average values 
compared to those obtained in the present study [16]. 
From here we can conclude that the levels of Cd 
obtained for the samples analyzed by us are high due 
to the intensive pollution of the soil and the air from 
the areas where the fungi were collected.  
Trappe et al. (2014) conducted a study on 
different Cantharellus species harvested from 
different areas of the Americas, analyzing the level of 
radioactivity for these species before and after the 
Fukushima nuclear accident [14].  
It reports high values for 137Cs and 134Cs that 
are significantly influenced by this accident. 
 
 
Table 2. Mean value and variability for Pb, Cd, Cs 137 and Cs 134 of the Cantharellus cibarius mushrooms 
 
Species Cantharellus cibarius (n=5) 
Parameter Pb Cd Cs 137 Cs 134 
Area X±sx V% X±sx V% X±sx V% X±sx V% 
Șimleul Silvaniei 0.196±0.04 43.83 0.762±0.22 64.74 14.642±2.29 35.02 3.616±0.96 59.49 
Târgu Mureș 0.248±0.05 41.75 1.024±0.06 12.74 20.644±0.67 7.30 3.616±0.96 59.49 
Oradea 0.252±0.02 20.31 0.25±0.02 19.80 19.544±0.66 7.59 3.196±0.44 31.13 
Beclean 0.212±0.03 27.79 0.221±0.03 34.92 10.504±0.74 15.78 3.75±0.65 38.72 
Cluj 0.31±0.02 10.94 1.124±0.09 17.35 20.28±0.82 9 5.412±0.39 16.09 
Jibou 0.284±0.01 10.74 0.908±0.09 21.13 17.874±1.15 14.42 5.354±0.63 26.27 
X - the mean value; v- variability; n- the number of mushroom samples according to the area of origin. 
 
For 137Cs the highest value was recorded in 
the mushrooms harvested in the Baia Mare area 
(22.65 ± 0.61 mg/kg US), followed by those 
harvested in the Salaj area (20.21 ± 0.60). High 
values for 137Cs also showed the mushrooms 
harvested from the Cluj area (19.75 ± 0.63 mg/kg 
US). Similar values for 137Cs content were recorded 
for the mushrooms harvested in the Hațeg and Ciucea 
area, and the lowest value recorded for this 
radionuclide was in the mushrooms harvested in the 
Negrești-Oaș area (16.80 ± 1.45 mg/kg US). 
 
 
4. Conclusions  
 
Very large differences can be observed 
depending on the area of provenance. This aspect is 
also influenced by the degree of pollution in the area 
and the large number of sources of pollution. Cd has 
the highest content in Târgu Mureş area (1.280 ± 0.11 
mg/kg US) and the lowest was in Beclean (0.748 ± 
0.18 mg/kg US). 
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